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,PSURYLQJWKHHQHUJ\SHUIRUPDQFHRIH[LVWLQJEXLOGLQJUHIXUELVKPHQWKDVEHHQLGHQWLILHGDVRQHRIWKHNH\PHDVXUHVWRUHGXFH
JUHHQKRXVH JDVHV *+*V HPLVVLRQV DQG FRPEDW FOLPDWH FKDQJH +RZHYHU OLWWOH KDV EHHQ GRQH WR XQFRYHU KRZ KXPDQ
EHKDYLRXUV ZRXOG DIIHFW WKH VHOHFWLRQ RI UHIXUELVKPHQW VROXWLRQV VHOHFWLRQ 7KH SUREOHP LV SDUWLFXODUO\ REYLRXV IRU KLJKULVH
UHVLGHQWLDOEXLOGLQJVDVWKH\DUHRZQHGDQGRURFFXSLHGE\GLIIHUHQWSHRSOHVZLWKLGLRV\QFUDWLFEHKDYLRXUDQGSUHIHUHQFH,QWKLV
UHVHDUFK  SRWHQWLDOPHWKRGV FRPPRQO\ XVHG IRUPDMRU VXVWDLQDEOH EXLOGLQJ UHIXUELVKPHQW LQKLJKULVH UHVLGHQWLDO EXLOGLQJV
ORFDWHGLQFLWLHVZLWKVXEWURSLFDOFOLPDWHOLNH+RQJ.RQJZHUHLGHQWLILHGWKURXJKOLWHUDWXUHUHYLHZ7KHVHVXVWDLQDEOHEXLOGLQJ
UHIXUELVKPHQWPHWKRGVDUHFODVVLILHGXQGHUILYHJURXSVQDPHO\HQHUJ\XVHUSDWWHUQGRPHVWLFKLJKULVHEXLOGLQJFOLPDWHIHDWXUH
DQG RWKHU EXLOGLQJ FKDUDFWHULVWLFV $ TXHVWLRQQDLUH VXUYH\ ZDV FRQGXFWHG WR H[DPLQH WKH IHDVLELOLW\ RI WKH LGHQWLILHG
UHIXUELVKPHQWPHWKRGVEDVHGRQWKHSHUFHSWLRQRIRZQHUVDQGRFFXSDQWV7KHUHVXOWVVKRZWKDWWKRVHPHWKRGVFODVVLILHGXQGHU
EXLOGLQJVHUYLFHVFDWHJRU\VXFKDVOLJKWLQJDSSOLDQFHYHQWLODWLRQDQGOLIWUHFHLYHGJUHDWHUVXSSRUWIURPRZQHUVDQGRFFXSDQWV,W
LVLQWHUHVWLQJWRQRWHWKDWRZQHUVDQGRFFXSDQWVGLGQRWIDYRXUWKRVHVXVWDLQDEOHUHIXUELVKPHQWRSWLRQVZKLFKDUHUHODWHGWRWKH
EXLOGLQJ HQYHORSZKHQ LW FRPHV WRPDMRU EXLOGLQJ UHIXUELVKPHQW $V IRU WKH UHQHZDEOH HQHUJ\ UHIXUELVKPHQWPHWKRGV WKHLU
DFFHSWDELOLW\ZDVPRGHUDWHLQGLFDWLQJWKDWWKHUHLVKXJHSRWHQWLDOIRUEHLQJLQFRUSRUDWHGLQWRWKHPDMRUEXLOGLQJUHIXUELVKPHQW
7KLVSDSHUVKRXOGKHOSLPSURYHRXUXQGHUVWDQGLQJRQZKDWIDFWRUVFRQWULEXWHWRWKHVDWLVIDFWLRQRIRZQHUVDQGRFFXSDQWVRIKLJK
ULVHUHVLGHQWLDOEXLOGLQJLQDPDMRUVXVWDLQDEOHUHIXUELVKPHQWVFKHPH

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,QWURGXFWLRQ
$VWKHHIIHFWRIFOLPDWHFKDQJHLVH[DFHUEDWLQJUHGXFLQJWKHJUHHQKRXVHJDVHV*+*VHPLVVLRQVLVDQLPPLQHQW
WDVNIRUWKH\HDUVWRFRPH7RDFKLHYHDVLJQLILFDQWUHGXFWLRQLQ*+*VQHFHVVLWDWHVWKHMRLQWHIIRUWRIYDULRXVVHFWRUV
ZLWKQRH[FHSWLRQ WR WKHFRQVWUXFWLRQ LQGXVWU\$FFRUGLQJ WR(06'>@EXLOGLQJV LQ+RQJ.RQJ WDNHXSDOPRVW
RIHOHFWULFLW\FRQVXPSWLRQLQWKHFLW\%XLOGLQJIDFLOLWLHVWKHUHIRUHSURYLGHVDQLPPHQVHRSSRUWXQLW\IRU*+*
UHGXFWLRQ DQG D SUDFWLFDO DSSURDFK LV E\ LPSURYLQJ WKH HQHUJ\ SHUIRUPDQFH RI H[LVWLQJ EXLOGLQJV WKURXJK
VXVWDLQDEOHUHIXUELVKPHQWVFKHPHV

6XVWDLQDEOHEXLOGLQJUHIXUELVKPHQWKDVDWWUDFWHGVHULRXVDWWHQWLRQLQWKHUHVHDUFKFRPPXQLW\DQGWKHLQGXVWU\LQ
UHFHQW \HDUV $ WKRURXJK UHYLHZ RI OLWHUDWXUHV KDV UHYHDOHG WKDW WKHUH DUH QXPHURXV VXVWDLQDEOH UHIXUELVKPHQW
VROXWLRQVZKLFKFDQEHDSSOLHGWRLPSURYHHQHUJ\HIILFLHQF\+RZHYHUDVWKHFOLPDWLFFRQGLWLRQEXLOGLQJGHVLJQ
RZQHUVKLSSDWWHUQDQGHQHUJ\FRQVXPSWLRQEHKDYLRXUYDU\EHWZHHQGLIIHUHQWFRXQWULHV >@QRWDOO WKHVXVWDLQDEOH
EXLOGLQJ UHIXUELVKPHQW PHWKRGV DUH DSSOLFDEOH RU UHOHYDQW WR WKH +RQJ .RQJ FRQWH[W $SSO\LQJ WKH VXVWDLQDEOH
UHIXUELVKPHQWFRQFHSWVWRKLJKULVHUHVLGHQWLDOEXLOGLQJVLQ+RQJ.RQJWKHUHIRUHUHPDLQVH[WUHPHO\FKDOOHQJLQJ

7R VXFFHVVIXOO\ LQWURGXFH VXVWDLQDEOH UHIXUELVKPHQW LQ KLJKULVH UHVLGHQWLDO EXLOGLQJV QHFHVVLWDWHV QRW RQO\ D
EHWWHU XQGHUVWDQGLQJ RI WKH WHFKQLFDO PHULWV DQG IHDVLELOLW\ RI VXVWDLQDEOH UHIXUELVKPHQW RSWLRQV EXW DOVR WKH
SHUFHSWLRQRIRZQHUVDQGRURFFXSDQWV WRZDUGV WKRVHPHDVXUHV%\UHYHDOLQJ WKHVRFLDODQGKXPDQ LVVXHVSROLF\
DQGGHFLVLRQPDNHUV FDQGHFLGHKRZ WRSURPRWH WKHDSSOLFDWLRQRIYDULRXV VXVWDLQDEOH UHIXUELVKPHQW VROXWLRQV WR
PD[LPXP WKH *+* UHGXFWLRQ SRWHQWLDO 8QWLO QRZ WKHUH DUH UHVHDUFK JDSV EHWZHHQ L ZKLFK VXVWDLQDEOH
UHIXUELVKPHQWVROXWLRQVDUHPRUHVXLWDEOHIRUKLJKULVHUHVLGHQWLDOEXLOGLQJVLQ+.DQGLLWKHUHODWLRQVKLSEHWZHHQ
WKHKXPDQEHKDYLRXUVDQG VXVWDLQDEOH UHIXUELVKPHQW7KLVSDSHU WKHUHIRUH DLPV WRHVWDEOLVKD OLVWRI VXVWDLQDEOH
UHIXUELVKPHQW VROXWLRQV WKDW ZRXOG VXLW D PDMRU RYHUKDXO LQLWLDWLYH LQ +RQJ .RQJ DQG ZRXOG DOVR PD[LPLVH
RFFXSDQWV¶VDWLVIDFWLRQ
/LWHUDWXUHUHYLHZ
$FFRUGLQJWRWKHWKHRU\RIUHDVRQHGDFWLRQWKHSHUIRUPLQJEHKDYLRXULVGHWHUPLQHGE\WKHLQWHQWLRQZKLFKFDQEH
SUHGLFWHGE\RQH¶VDWWLWXGHDQGVXEMHFWLYHQRUP>@,WLVQRWXQFRPPRQIRURZQHUVDQGRFFXSDQWVRIWKHVXVWDLQDEOH
UHVLGHQWLDOUHIXUELVKPHQWSURMHFWVWRVWD\LQWKHLUSURSHUW\ZKLOHZRUNLVFDUULHGRXW7KHUHIRUHLWLVVHQVLEOHWRJHW
WKH RZQHUV DQG RFFXSDQWV LQYROYHG LQ WKH GHFLVLRQPDNLQJ SURFHVV >@ 2FFXSDQWV¶ QRUP DWWLWXGH DQG LQWHQWLRQ
WRZDUGV UHVLGHQWLDO HQHUJ\ FRQVXPSWLRQ ZRXOG LQHYLWDEO\ DIIHFW WKH VXFFHVV RI DQ\ VXVWDLQDEOH EXLOGLQJ
UHIXUELVKPHQW VFKHPH $ VPDOO FKDQJH LQ RFFXSDQW EHKDYLRXUV HJ E\ ORZHULQJ WKH LQGRRU WHPSHUDWXUHV XVLQJ
HQHUJ\HIILFLHQWOLJKWEXOEVWXUQLQJRIIWKHOLJKWVZKHQOHDYLQJDURRPFKDQJLQJWKHKRXUVRIRFFXSDWLRQDGMXVWLQJ
WKH YHQWLODWLRQ UDWHV XVLQJ YDULRXV (QHUJ\ 8VDJH 6\VWHPV (86 IRU FRRNLQJ VZLWFKLQJ RII XQXVHG HOHFWULFDO
DSSOLDQFHV HWF FRXOG OHDG WR D VL]HDEOH UHGXFWLRQ LQ HQHUJ\ FRQVXPSWLRQ >@ 2Q WKH RWKHU KDQG WKH XVH RI
LQQRYDWLYHWHFKQRORJLHVDQGRUPDWHULDOVDVZHOODVDGYDQFHEXLOGLQJVHUYLFHVV\VWHPVPD\DOVRKHOSFXWGRZQRQ
HQHUJ\FRQVXPSWLRQ>@

6XVWDLQDEOH UHIXUELVKPHQWPHWKRGV FDQ EH FODVVLILHG DFFRUGLQJ WR GLIIHUHQW EXLOGLQJ FRPSRQHQWV >@ EXLOGLQJ
IXQFWLRQV>@ WHFKQLFDORUQRQWHFKQLFDODVSHFWV>@HWF$VGLVFXVVHGLQWKHSUHFHGLQJVHFWLRQQRWDOOVXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVDUHDSSOLFDEOH WR+RQJ.RQJ7RGHWHUPLQHZKLFK VXVWDLQDEOH UHIXUELVKPHQWPHWKRGVDUH
UHOHYDQW WR WKH ORFDOFRQWH[W LW LVQHFHVVDU\ WR LGHQWLI\ VXLWDEOHFULWHULD WRDVVHVV WKHVXLWDELOLW\RI WKRVHPHWKRGV
$PRQJVWRWKHUDVSHFWVWKHFOLPDWLFFRQGLWLRQ>@DQGVHDVRQDOYDULDWLRQV>@ZHUHFRQVLGHUHGLQIOXHQWLDO%HVLGHV
WKHEXLOGLQJXVDJH DVZHOO DVRZQHUV DQGRFFXSDQWV¶EHKDYLRXU FRXOG DOVR OHDG WR DYDULDWLRQ LQ HQHUJ\GHPDQG
7KHUHIRUHILYHIDFWRUVZHUHXVHGWRGHWHUPLQHWKHVXLWDELOLW\RIVXVWDLQDEOHUHIXUELVKPHQWPHWKRGVDQGWKH\LQFOXGH
FOLPDWLF FRQGLWLRQ XVHU SDWWHUQ LQ HQHUJ\ FRQVXPSWLRQ UHOHYDQF\ WR UHVLGHQWLDO EXLOGLQJ VXLWDELOLW\ IRU EHLQJ
DSSOLHGLQKLJKULVHFRQVWUXFWLRQDQGRWKHUEXLOGLQJFKDUDFWHULVWLFV

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:KLOHKLJKULVHEXLOGLQJVLQ+RQJ.RQJDUHRZQHGDQGRFFXSLHGE\GLIIHUHQWSHRSOHLWLVQHYHUHDV\WRKDYHD
FRQVHQVXVLQVXVWDLQDEOHUHIXUELVKPHQWGHFLVLRQVH[FHSWIRUUHWURILWWLQJLHRQHRIDFRPSUHKHQVLYHQDWXUHDQGODUJH
VFDOH >@ +RZHYHU LQGLYLGXDO RZQHU DQG RFFXSDQW FRXOG DOVR LQLWLDWH VXVWDLQDEOH UHIXUELVKPHQW LQLWLDWLYHV DW
GLIIHUHQW WLPHV $FFRUGLQJ WR 6KDK >@ UHIXUELVKPHQW FDQ EH GLYLGHG LQWR OLJKW WRXFK RU UHIUHVK PHGLXP
LQWHUYHQWLRQ H[WHQVLYH LQWHUYHQWLRQ FRPSUHKHQVLYH UHIXUELVKPHQW DQG GHPROLWLRQ 7KRUSH RQ WKH RWKHU KDQG
RSLQHGWKDWVXVWDLQDEOHUHIXUELVKPHQWFDQEHLQIRUPRIDZKROHGZHOOLQJDSSURDFKRUDQHOHPHQWE\HOHPHQWUHJLPH
WRPLQLPLVHWKHGLVWXUEDQFHEURXJKWE\UHIXUELVKPHQW>@,QWKLVUHVHDUFKVXVWDLQDEOHUHIXUELVKPHQWLVGLYLGHGLQWR
WKUHHW\SHVQDPHO\PLQRUXSJUDGLQJPHGLXPVFDOHLPSURYHPHQWDQGPDMRUUHIXUELVKPHQW

,QRUGHU WRH[DPLQHDVPDQ\SRVVLEOHVXVWDLQDEOHUHIXUELVKPHQWPHWKRGVDVSRVVLEOHPDMRUUHIXUELVKPHQWZDV
FKRVHQDVWKHVXEMHFWRIVWXG\,Q+RQJ.RQJPDMRUUHIXUELVKPHQWLVPDQGDWHGIRUWKRVHEXLOGLQJVZKLFKDUHRYHU
\HDUVROGDQGWKHSXUSRVHLVWRXSOLIWWKHEXLOGLQJFRQGLWLRQDQGPDLQWDLQDVDIHOLYLQJHQYLURQPHQW,WZRXOGEH
WKHEHVWRSSRUWXQLW\WRLQWHJUDWHWKHVXVWDLQDELOLW\PHDVXUHVLQWKHPDMRUUHIXUELVKPHQWVFKHPH$VDUHVXOWDWRWDO
RI  SRWHQWLDO VXVWDLQDEOH UHIXUELVKPHQW PHWKRGV ZHUH VHOHFWHG IRU IXUWKHU DQDO\VLV 7KHVH VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVZHUHJURXSHGXQGHULEXLOGLQJVHUYLFHVLLEXLOGLQJHQYHORSLLLEXLOGLQJOD\RXWDQGLY
UHQHZDEOHHQHUJ\
0HWKRGRORJ\
,QRUGHUWRXQFRYHUWKHIHDVLELOLW\RIYDULRXVVXVWDLQDEOHUHIXUELVKPHQWPHWKRGVLQ+RQJ.RQJDTXHVWLRQQDLUH
VXUYH\ZDV FDUULHGRXW WR FROOHFW WKH GDWD0HDQZKLOH DFFRUGLQJ WR WKH DJH RIEXLOGLQJ UHIXUELVKPHQW VFDOH DQG
UHIXUELVKPHQW GLIILFXOW\ EXLOGLQJ UHIXUELVKPHQW ZHUH GLYLGHG LQWR WKUHH OHYHOV PLQRU XSJUDGLQJ PHGLXP VFDOH
LPSURYHPHQWDQGPDMRUUHIXUELVKPHQW7KLVTXHVWLRQQDLUHIRFXVHGRQPDMRUUHIXUELVKPHQWIRUEXLOGLQJVRI\HDUV
RUPRUH)RUWKLVW\SHRIUHIXUELVKPHQWWKHVFDOHLVVXSSRVHGWREHPXFKODUJHUDQGWKHGLIILFXOW\VKRXOGEHKLJKHU
WRR7KHVDPSOHVDUHWKHUHVLGHQWVLQ+RQJ.RQJZKRDJHGRUDERYHDWWKHWLPHWKHVXUYH\ZDVFRQGXFWHG

7KHTXHVWLRQQDLUHFRQVLVWVRIWZRSDUWV7KHILUVWSDUWLVWRFROOHFWSHUVRQDOEDFNJURXQGRIUHVSRQGHQWVLQFOXGLQJ
WKHSHUVRQDOEDFNJURXQGRIUHVSRQGHQWVDJHW\SHRIEXLOGLQJOLYLQJLQDQGHGXFDWLRQDOEDFNJURXQG7KHVHFRQGSDUW
RI WKH TXHVWLRQQDLUH KRZHYHU DLPV WR FDSWXUH UHVSRQGHQWV¶ SHUFHSWLRQ RQ WKH IHDVLELOLW\ RI VXVWDLQDEOH EXLOGLQJ
UHIXUELVKPHQWPHWKRGVE\LQGLFDWLQJWKHGHJUHHRIDFFHSWDELOLW\RIHDFKEXLOGLQJUHIXUELVKPHQWPHWKRGVDVVXPLQJ
WKHGHJUHHRIDFFHSWDELOLW\LVDFORVHSUR[\WRWKHIHDVLELOLW\RIWKRVHVXVWDLQDEOHUHIXUELVKPHQWPHWKRGV$SRLQW
/LNHUWVFDOHLVXVHGWRUHSUHVHQWWKHUHVSRQGHQWV¶µ¶EHLQJH[WUHPHO\DFFHSWDEOHZKLOHµ¶GHQRWLQJQRWXQDFFHSWDEOH
DWDOO

7KH UHOLDELOLW\ RI WKH GDWD FROOHFWHG IURP WKLV TXHVWLRQQDLUH VXUYH\ZDV WHVWHG WKURXJK&URQEDFK¶V FRHIILFLHQW
DOSKD &URQEDFK¶V DOSKD >@ LV RQH RI WKH PRVW SRSXODU UHOLDELOLW\ VWDWLVWLFV ZKLFK GHWHUPLQHV WKH LQWHUQDO
FRQVLVWHQF\ RU DYHUDJH FRUUHODWLRQ RI LWHPV LQ D VXUYH\ WR PHDVXUH LWV UHOLDELOLW\ >@ $ PHDQ VFRUH UDQNLQJ
WHFKQLTXHLVXVHGWRUDQNWKHUHODWLYHLPSRUWDQFHRIHDFKYDULDEOH,QWKLVVWXG\WKHUDQNLQJVRIYDULRXVVXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVZHUHDFKLHYHGE\FDOFXODWLQJ WKHPHDQV IRU WKHZKROH VDPSOH ,I WKHUHZHUH WZRRUPRUH
YDULDEOHVZLWKWKHVDPHPHDQYDOXHWKHRQHZLWKDORZHUVWDQGDUGGHYLDWLRQZRXOGEHJLYHQDKLJKHUUDQNLQJ>@
:KLOH GLVWLQJXLVKLQJ WKH YDULDWLRQV EHWZHHQ GLIIHUHQW JURXSV RI UHVSRQGHQWVZDV FRQVLGHUHG EHQHILFLDO /HYHQH¶V
7HVW>@ZDVDGRSWHGWRGHFLGHZKHWKHUHTXDOYDULDQFHVEHWZHHQWKHWZRJURXSVVKRXOGEHDVVXPHG,I6LJ!
WKHQ DQ HTXDO YDULDQFH FDQ EH DVVXPHG 2WKHUZLVH DQ HTXDO YDULDQFH VKRXOG QRW EH DVVXPHG $Q LQGHSHQGHQW
VDPSOH WWHVW ZDV WKHQ DGRSWHG WR WHVW WKH VLJQLILFDQFH RI WKH PHDQ GLIIHUHQFH EHWZHHQ WKH WZR JURXSV 7KH
6WDWLVWLFDO 3DFNDJH IRU WKH 6RFLDO 6FLHQFHV 6366  VRIWZDUH ZDV XVHG WR DQDO\VH WKH GDWD DQGPHDVXUH WKH
LQGLFDWRUVDVPHQWLRQHGDERYH
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5HVXOWVDQGGLVFXVVLRQ
7KHTXHVWLRQQDLUHVXUYH\ZDVFDUULHGRXWLQPRVWRIGLIIHUHQWGLVWULFWVLQ+RQJ.RQJWRHQVXUHDZLGHUFRYHUDJH
DQGKHQFHDEHWWHU UHOLDELOLW\7KHTXHVWLRQQDLUH VXUYH\ZDVDGPLQLVWHUHG IURP-XQH WR -XO\$ WRWDORI
TXHVWLRQQDLUHVZHUHGLVWULEXWHG:KLOHLWLVDVWUHHWVXUYH\DUHVSRQVHUDWHRIZDVDFKLHYHG7DEOHVKRZVWKH
FODVVLILFDWLRQRI WKH UHVSRQGV%\ UHIHUULQJ WR WKHSHUVRQDO EDFNJURXQGRI WKH UHVSRQGHQWV TXHVWLRQQDLUHV IURP
WKRVHOLYLQJLQ3XEOLF+RXVHDQGFRPSOHWHGE\VWXGHQWVOLYLQJLQWKHGRUPLWRU\ZHUHHOLPLQDWHG$VDUHVXOWDWRWDO
RIYDOLGTXHVWLRQQDLUHVZHUHXVHGIRUWKHGDWDDQDO\VHV:LWKWKH&URQEDFK¶V$OSKDRIZKLFKZDVKLJKHU
WKDQDQGFORVHUWRWKHSRLQWVVFDOHPHDVXUHPHQWXVHGLQWKHTXHVWLRQQDLUHVXUYH\ZDVFRQVLGHUHGUHOLDEOH
7DEOH7KHFODVVLILFDWLRQRIWKHUHVSRQGV
$JH )UHTXHQF\ 7\SHRIKRXVLQJ )UHTXHQF\ (GXFDWLRQDO'HJUHH )UHTXHQF\
  3ULYDWHKRXVLQJ7HQDQW  +LJKVFKRRORUEHORZ 
  3ULYDWHKRXVLQJ2ZQHU  8QGHUJUDGXDWH 
  2WKHUV  3RVWJUDGXDWH 
!     
4.1. Ranking of refurbishment methods 
7DEOHLQGLFDWHVWKHPHDQVFRUHUDQNLQJUHVXOWVRIVXVWDLQDEOHUHIXUELVKPHQWPHWKRGVLGHQWLILHG7KHWRSWHQ
VXVWDLQDEOHUHIXUELVKPHQWPHWKRGVDVSHUFHLYHGE\WKHUHVSRQGHQWVLQFOXGHGHQHUJ\HIILFLHQF\DSSOLDQFHVHOHFWLRQ
6 ORZ HQHUJ\ ODPSV 7 IOXRUHVFHQW 6 WLPH VZLWFKHV 6 PRWLRQ VHQVRUV 6 /(' OLJKWLQJ 6
HQKDQFH PHWHULQJ WR DXGLW HQHUJ\ SHUIRUPDQFH 6 SKRWRYROWDLF 39 SDQHOV 5 VRODU ZDWHU KHDWLQJ 5
ZLQGRZ IUDPHV ZLWK WKHUPDO EUHDN ( DQG PHFKDQLFDO H[WUDFW YHQWLODWLRQ 6 $OO WKHVH  VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGV KDG WKHPHDQ VFRUHV RIPRUH WKDQ  RU FORVH WR $V IRU WKH OHDVW IHDVLEOH VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGV WKH\ZHUH LQWHUSDQHJOD]LQJ( WLQWHGJOD]LQJ( OLJKWVKHOYHV ( ORFDWLQJ URRP
DLUFRQGLWLRQHU DW IORRU OHYHO / DQG UHIOHFWLYH JOD]LQJ ( 7KH GHJUHH RI DFFHSWDQFH DV SHUFHLYHG E\ WKH
UHVSRQGHQWV ZDV ORZ ZLWK WKH PHDQ VFRUHV RI OHVV WKDQ  7KH PHDQ VFRUHV RI DOO WKH LGHQWLILHG VXVWDLQDEOH
UHIXUELVKPHQWPHWKRGVDUHKLJKOLJKWHGLQ7DEOH
7DEOH0HDQVFRUHUDQNLQJRIUHIXUELVKPHQWPHWKRGV
&RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN &RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN
6 (QHUJ\HIILFLHQF\DSSOLDQFHVHOHFWLRQ   6 /LIWVZLWKSHUPDQHQWPDJQHWPRWRU  
6 /RZHQHUJ\ODPSV7IOXRUHVFHQW   ( 'RXEOHPXOWLSOHJOD]LQJ  
6 7LPHVZLWFKHV   6 ([WHUQDOZDOOLQVXODWLRQ  
6 0RWLRQVHQVRUV   ( ,QWHUQDOZDOOLQVXODWLRQ  
6 /('OLJKWLQJ   ( 5HSODFH PRWRUV DQG SXPSV ZLWKKLJKHUHQHUJ\HIILFLHQF\  
6 (QKDQFH PHWHULQJ WR DXGLW HQHUJ\SHUIRUPDQFH   6 5RRILQVXODWLRQ  
5 3KRWRYROWDLF39SDQHOV   6 'XFWZRUNDQGSLSHZRUNLQVXODWLRQ  
5 6RODUZDWHUKHDWLQJ   ( 5HYLVLQJDLUFRQGLWLRQLQJVHWSRLQWV  
( :LQGRZIUDPHVZLWKWKHUPDOEUHDN   6 (YDSRUDWLYHFRROLQJ  
6 0HFKDQLFDOH[WUDFWYHQWLODWLRQ   ( &KHFNDQGUHSDLUGXFNZRUNOHDNDJH  
5 0RGHUQLVHOLIWVZLWKDGYDQFHG999)FRQWUROV\VWHP   ( )ORRURUFHLOLQJLQVXODWLRQ  
6 3KDVHFKDQJHPDWHULDOV   ( )ORRURUFHLOLQJLQVXODWLRQ  
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( $XWRPDWLFEOLQGV   5 ,QVWDOOVKRZHUVZLWKORZIORZDHUDWHGVKRZHUKHDGV  
6 5HIOHFWLYH VXUIDFH FRRO URRIV RUZDOOV   6 :LQGWXUELQH  
( *UHHQURRI   / 5HPRWH VRXUFH VRODU OLJKWLQJ OLJKWSLSHV  
/ 'D\OLJKWVHQVRUV   6 &KLOOHGEHDPVRUXQGHUIORRUVVXSSO\  
( 2SWLPLVH OLJKWLQJ FLUFXLWV WR IXOO\XWLOLVHGD\OLJKWFRUULGRUV   6 %XLOGLQJPDQDJHPHQWV\VWHP  
( /LIWSRZHUUHJHQHUDWLRQV\VWHP   6 ,QGXFWLRQFRRNLQJ  
&RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN &RGH 5HIXUELVKPHQWPHWKRGV 0HDQ 5DQN
6 5HGXFHKRWZDWHUVWRUDJHWHPSHUDWXUH   ( 5HIOHFWLYHJOD]LQJ  
( 2YHUKDQJV   / /RFDWLQJ URRP DLUFRQGLWLRQHU DWIORRUOHYHO  
( 'RRULQVXODWLRQ   ( /LJKWVKHOYHV  
( 6LPSOHFRDWLQJ   ( 7LQWHGJOD]LQJ  
( 9HUWLFDOILQV   ( ,QWHUSDQHJOD]LQJ  
4.2. Most acceptable sustainable refurbishment methods 
(QHUJ\HIILFLHQF\DSSOLDQFHVHOHFWLRQ 6ZDV UDQNHGDV WKHXWPRVWDFFHSWDEOHPHWKRG%XUWRQ>@ LQGLFDWHG
WKH XVH RI HOHFWULFLW\ E\ DSSOLDQFHV LQYROYHV KXJH DPRXQW RI HQHUJ\ DQG VHOHFWLQJ HQHUJ\ HIILFLHQF\ HOHFWULFDO
DSSOLDQFHV ZLOO KHOS UHGXFH HQHUJ\ FRQVXPSWLRQ &RQVXPHUV FDQ HDVLO\ VHOHFW HQHUJ\ HIILFLHQF\ DSSOLDQFHV E\
PDNLQJUHIHUHQFHWRYDULRXVHQHUJ\HIILFLHQF\ODEHOOLQJVFKHPHVHJ*UHHQ6HDO6FLHQWLILF&HUWLILFDWLRQ6\VWHPV
(QHUJ\*XLGH(QHUJ\6WDU*UHHQHHWF>@5HVSRQGHQWVIRXQGWKLVYHU\DFFHSWDEOHZKHQPDNLQJGHFLVLRQVRQ
SXUFKDVLQJWKHHOHFWULFDODSSOLDQFHVDVLWZRXOGOHDGWRHQHUJ\DQGFRVWVDYLQJVLQWKHLUGDLO\OLIH$OWKRXJKWKLVLV
PRUHHVVHQWLDOWRPLQRUXSJUDGLQJDQGPHGLXPVFDOHLPSURYHPHQWUHVSRQGHQWVVWURQJO\EHOLHYHGWKDWLWLVHTXDOO\
DSSOLFDEOHWRPDMRUUHIXUELVKPHQW

7KHXVHRI ORZHQHUJ\ ODPSV 7 IOXRUHVFHQW 6 LV WKH VHFRQGPRVW DFFHSWDEOHPHWKRG8SJUDGLQJH[LVWLQJ
IOXRUHVFHQWOLJKWIL[WXUHVEHFRPHDEDFNERQHRIFRPPHUFLDOOLJKWLQJXSJUDGHVDFFRUGLQJWR*HOIDQGDQG'XQFDQ>@
DQGWKLVLVDOVRUHOHYDQWWRGRPHVWLFOLJKWLQJXSJUDGHVIURPWKHSHUFHSWLRQVRIWKHUHVSRQGHQWV/RZHQHUJ\ODPSV
7IOXRUHVFHQWFDQKHOSUHGXFHWKHHQHUJ\ELOOVDYHHQHUJ\FXWGRZQRQWKHIUHTXHQF\RIEXOEFKDQJHVDQGWKXV
ORZHUWKHFDUERQHPLVVLRQV0RVWOLWHUDWXUHVSRLQWHGRXWWKDWORZHQHUJ\ODPSV7IOXRUHVFHQWLVDYHU\LPSRUWDQW
DSSURDFKIRUVXVWDLQDEOHEXLOGLQJUHIXUELVKPHQW>@:LWKWKHJRYHUQPHQW¶VVXSSRUWLQJ
RQ ORZ HQHUJ\ ODPSV OLNH D VWURQJ VXEVLGLVH LQPDQ\ SURYLQFHV RI&KLQD ORZ HQHUJ\ ODPSKDV JDLQZLGHVSUHDG
XVDJHE\UHVLGHQWV&RPSDUHGZLWK/('OLJKWLQJORZHQHUJ\ODPSLVPRUHDFFHSWDEOHGXHWRWKHORZHULQLWLDOFRVW

7KH WKLUG PRVW DFFHSWDEOH UHIXUELVKPHQW PHWKRG LV WLPH VZLWFK 6 $V VWDWHG LQ %DLGX:LNLSHGLD µHYHU\
PRUQLQJ ZKHQ WKH VXQ ULVHV DXWRPDWLF FXUWDLQ LV VORZO\ RSHQHG ZDNH \RXU VOHHSLQJ QLJKWIDOO FXUWDLQV DUH
DXWRPDWLFDOO\SXOOHGWRJHWKHUDQLQWHOOLJHQWZDUPDQGZRQGHUIXOKRPHHPEUDFH\RXDOOWKHGD\¶7KLVLQWURGXFWLRQ
LQGLFDWHVWKDWWLPHUVZLWFKSOD\VDQLPSRUWDQWUROHLQSHRSOH¶VOLYHVZKLFKEULQJVJUHDWHUFRQYHQLHQFHWRUHVLGHQWV
7KDWLVZK\RFFXSDQWVWHQGWRVXSSRUWWKLVVPDUWPHWKRG

0RWLRQVHQVRUV6FRPHRXWWREHWKHIRXUWKPRVWIHDVLEOHVXVWDLQDEOHUHIXUELVKPHQWPHWKRG)LWWLQJDPRWLRQ
VHQVRUOLJKWVZLWFKWRDXWRPDWLFDOO\WXUQRIIOLJKWVRIDQHPSW\URRPLVZLWKYHU\KLJKSRWHQWLDOLQH[LVWLQJEXLOGLQJ
UHIXUELVKPHQW0RWLRQ VHQVRUV FDQEHHDVLO\ LQVWDOOHG WRDXWRPDWH WKH OLJKWV DQGRWKHU DSSOLFDWLRQV LQKRPH >@
,QVWDOOLQJRFFXSDQF\ VHQVRUV LQDUHDVZLWK LQWHUPLWWHQWXVDJHVKRXOGEH VWURQJO\ UHFRPPHQGHGGHVSLWHSXWWLQJDQ
HDV\WRXQGHUVWDQGODEHOWRUHPLQGXVHUVWRWXUQRIIWKHOLJKWVZKHQQRWLQXVHFDQHTXDOO\VHUYHWKHSXUSRVH>@
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/(' OLJKWLQJ 6 LV WKH RWKHUPRVW DFFHSWDEOH UHIXUELVKPHQWPHWKRG RI WKH VDPH FDWHJRU\ZLWK ORZ HQHUJ\
ODPSV 7 IOXRUHVFHQW0DMRULW\ RI WKH OLWHUDWXUHV FRQVLGHUHG /(' OLJKWLQJ DV WKH SUHIHUUHG OLJKWLQJ VRXUFHV IRU
UHVLGHQWLDO SXUSRVH >@/(' OLJKWLQJ KDV D YDULHW\ RI FRORXUV DQG WKLV FRXOG KHOS FUHDWH D
VW\OLVK DWPRVSKHUH >@ ZLWKRXW JHQHUDWLQJ H[FHVVLYH KHDW DV VHFRQGDU\ SURGXFWZKHQ WKH\ DUH VZLWFKHG RQ >@
+RZHYHU D FRPSDULVRQ EHWZHHQ/(' OLJKWLQJ DQG ORZ HQHUJ\ ODPSV 7 IOXRUHVFHQW VKRXOG EH EDVHG RQ WKHLU
SHUIRUPDQFHFRVWDQGHOHFWULFDOHIILFLHQF\HWFDQGWKLVFRXOGDIIHFWWKHXOWLPDWHGHFLVLRQ
4.3. Unfavourable sustainable refurbishment methods 
)URP7DEOHLQWHUSDQHJOD]LQJ6ZDVFRQVLGHUHGWKHPRVWXQDFFHSWDEOHUHIXUELVKPHQWPHWKRGGXHWRWKH
KLJKLQLWLDOFRVW%HVLGHVWKHLQWHUSDQHJOD]LQJV\VWHPUHGXFHVWKHLQGRRUWHPSHUDWXUHE\DXWRPDWLFDOO\FRQWUROOLQJ
WKHDPRXQWRIVXQOLJKWSHQHWUDWLRQ)RUUHVLGHQWLDOEXLOGLQJVRFFXSDQWVOLNHWDNLQJDGYDQWDJHRIQDWXUDOYHQWLODWLRQ
E\RSHQLQJWKHZLQGRZVDQGWKLVPD\GHIHDWWKHIXQFWLRQRILQWHUSDQHJOD]LQJ7KHGLVUXSWLRQFDXVHGE\UHSODFLQJ
WKH ZLQGRZ VKRXOG DOVR EH WDNHQ LQWR DFFRXQW HVSHFLDOO\ ZKHQ WKH SURSHUW\ LV RFFXSLHG  7KHUHIRUH LQWHUSDQH
JOD]LQJV\VWHPLVVHOGRPVSHFLILHGLQUHVLGHQWLDOEXLOGLQJUHIXUELVKPHQWLQ+RQJ.RQJ>@

,QWHUHVWLQJO\WLQWHGJOD]LQJ6ZDVDOVRFRQVLGHUHGDQXQIDYRXUDEOHVXVWDLQDEOHUHIXUELVKPHQWPHWKRGE\WKH
UHVSRQGHQWV7LQWHGJOD]LQJLVXVHGWRUHGXFHWKHWKHUPDOWUDQVPLWWDQFHDQGVRODUKHDWJDLQ>@+RZHYHUWKH&KLQD
*ODVV1HWZRUN UHSRUWHG LQ  WKDW WLQWHG JOD]LQJ LQ XUEDQ UHVLGHQWLDO EXLOGLQJV FDQ EORFN RII KDOI RI WKH VRODU
UDGLDWLRQZKLFKSOD\VWKHLPSRUWDQWUROHVDVVWHULOLVHUGLVLQIHFWDQWDQGGHRGRUDQW7KHORZYLVLEOHOLJKWWUDQVPLWWDQFH
RIKHDYLO\WLQWHGJOD]LQJZRXOGOHDGWRDJUHDWHUUHOLDQFHRQDUWLILFLDOOLJKWLQJZKLFKZRXOGLQFUHDVHWKHGHPDQGIRU
HOHFWULFLW\LQWKHGD\WLPH>@

/LJKWVKHOYH6 LVDQLQWHJUDWHGDSSURDFKWRDGGUHVV WKHGD\OLJKWGLVWULEXWLRQIXQFWLRQDQGVHOHFWLYHVKDGLQJ
>@7KHUHDUHWKUHHFRPPRQDSSURDFKHVWRVKDGHRIIWKHGD\OLJKWLHH[WHUQDOLQWHUQDODQGLQWHUSDQH>@:KLOH
WKHVXLWDELOLW\RIWKHH[WHUQDODSSURDFKGHSHQGVRQWKHVWUXFWXUDOVRXQGQHVVRIWKHIDoDGHDQGVDIHW\FRQVLGHUDWLRQV
WKHLQWHUQDODSSURDFKZRXOGDIIHFWWKHLQWHULRUVSDFHZKLFKLVSDUWLFXODUSUHFLRXVIRUUHVLGHQWLDORFFXSDQWVDVDYHUDJH
DSDUWPHQWV LQ +RQJ .RQJ DUH YHU\ VPDOO 7KHUHIRUH OLJKW VKHOYH ZDV FRQVLGHUHG D OHVV SRSXODU PHWKRG IRU
VXVWDLQDEOHUHIXUELVKPHQW

8VXDOO\ DLUFRQGLWLRQHUV IRU GRPHVWLF XQLWV LQ+RQJ.RQJ DUH ORFDWHG DW KLJK OHYHO:KLOH UHVHDUFK ILQGLQJV
VKRZHGWKDWWKHUHZRXOGEHDHQHUJ\VDYLQJE\LQVWDOOLQJWKHDLUFRQGLWLRQHUDWWKHIORRUOHYHO6>@VHH
)LJWKLVZRXOGUHTXLUHDYHU\VXEVWDQWLDOFKDQJHWRWKHIDoDGH,Q+RQJ.RQJWKHIDoDGHLVXVXDOO\FRQVWUXFWHG
E\FRQFUHWHDQGDQ\VXFKFKDQJHZRXOGLQHYLWDEO\UHVXOW LQ WKHIRUPLQJRIDQHZRSHQLQJLQ WKHH[WHUQDOZDOO WR
KRXVHWKHDLUFRQGLWLRQHU(YHQLIWKHVWDWXWRU\ERGLHVDSSURYHVXFKDOWHUDWLRQWRWKHVWUXFWXUHWKHQXLVDQFHEURXJKW
E\WKHZRUNFRXOGEHYHU\KLJK$VDUHVXOWWKHUHVSRQGHQWVGLGQRWVXSSRUWWKHXVHRIIORRUOHYHODLUFRQGLWLRQHUWR
LPSURYHWKHVXVWDLQDELOLW\

5HIOHFWLYHJOD]LQJ6ZDVDOVRUDQNHGYHU\ORZ7KHUHÀHFWLYHJOD]LQJUHWXUQVPRVWRIWKHVRODUUDGLDWLRQWR
WKH DWPRVSKHUH >@ KRZHYHU UHIOHFWLYH JOD]LQJ LV FDXVLQJ PRUH DQG PRUH FRQFHUQ LQ DQ XUEDQ HQYLURQPHQW
HVSHFLDOO\IURPWKHSHUVSHFWLYHRI OLJKWSROOXWLRQ6RPHFRXQWULHVKDYHDOUHDG\ OLPLWHG WKHGD\OLJKWUHIOHFWDQFHRI
JOD]LQJWRPLQLPLVHWKHVRFLDODQGHQYLURQPHQWDOLPSDFWV:KHQDSSOLHGWRUHVLGHQWLDOEXLOGLQJVWKHHIIHFWLYHQHVV
RIUHIOHFWLYHJOD]LQJPD\QRWEHDVRSWLPDODVEHLQJXVHGLQRIILFHSUHPLVHVDVRFFXSDQWVZRXOGVWLOOSUHIHURSHQLQJ
WKHZLQGRZVWRHQMR\QDWXUDODLU
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)LJD&$&0RGHOE)$&0RGHO5HPDUNVDLUFRQGLWLRQHURXWOHWUHWXUQODPSVEHGDQGKHDWJHQHUDWRU>@
4.4. Comparison between different residents type groups 
7WHVWZDVXVHGWRWHVWWKHVLJQLILFDQFHRIWKHPHDQGLIIHUHQFHEHWZHHQGLIIHUHQWUHVLGHQWW\SHJURXSVWKHWHQDQW
JURXSDQGRZQHUJURXS0HWKRGVZLWKVLJQLILFDQWGLIIHUHQFHEHWZHHQ7HQDQW	2ZQHUZHUHLGHQWLILHGXQGHUWWHVW
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392   S. Thomas Ng et al. /  Procedia Engineering  85 ( 2014 )  385 – 392 
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH 5HVHDUFK *UDQWV &RXQFLO RI WKH *RYHUQPHQW RI +RQJ .RQJ 6SHFLDO
$GPLQLVWUDWLYH5HJLRQ IRU WKHLU ILQDQFLDO VXSSRUW WKURXJK WKH*HQHUDO5HVHDUFK )XQG *UDQW1R  7KH
ILQDQFLDO VXSSRUW RI WKH6KHQ]KHQ*RYHUQPHQW WKURXJK6KHQ]KHQ.H\/DERUDWRU\ LQ&DUERQ(PLVVLRQV(QDEOLQJ
7HFKQRORJ\VKRXOGDOVREHJUDWHIXOO\DFNQRZOHGJHG
5HIHUHQFHV
>@ (06'+RQJ.RQJ(QHUJ\(QGXVH'DWD(OHFWULFDODQG0HFKDQLFDO6HUYLFHV'HSDUWPHQW+RQJ.RQJ*RYHUQPHQWRI+.6$5
>@ '7KRUSH6XVWDLQDEOH+RPH5HIXUELVKPHQW7KH(DUWKVFDQ([SHUW*XLGHWR5HWURILWWLQJ+RPHVIRU(IILFLHQF\(DUWKVFDQ/RQGRQ
>@ ,$M]HQ0)LVKEHLQ8QGHUVWDQGLQJDWWLWXGHVDQGSUHGLFWLQJVRFLDOEHKDYLRU(QJOHZRRG&OLIIV1-3UHQWLFH+DOO
>@ 6%XUWRQ7KH+DQGERRNRI6XVWDLQDEOH5HIXUELVKPHQW+RXVLQJ(DUWKVFDQ1HZ<RUN
>@ $//LQGpQ$&DUOVVRQ.DQ\DPD%(ULNVVRQ(IILFLHQWDQGLQHIILFLHQWDVSHFWVRIUHVLGHQWLDOHQHUJ\EHKDYLRXU:KDWDUHWKHSROLF\
LQVWUXPHQWVIRUFKDQJH"(QHUJ\SROLF\
>@ 66KDK6XVWDLQDEOH5HIXUELVKPHQW:LOH\%ODFNZHOO8.
>@ 19%DNHU7KH+DQGERRNRI6XVWDLQDEOH5HIXUELVKPHQW1RQ'RPHVWLF%XLOGLQJV(DUWKVFDQFRSXEOLVKHGZLWK5,%$3XEOLVKLQJ
/RQGRQ
>@ /*HOIDQG&'XQFDQ6XVWDLQDEOH5HQRYDWLRQ6WUDWHJLHVIRU&RPPHUFLDO%XLOGLQJ6\VWHPVDQG(QYHORSH-RKQ:LOH\	6RQV86$

>@ *.7VR..<DX$VWXG\RIGRPHVWLFHQHUJ\XVDJHSDWWHUQVLQ+RQJ.RQJ(QHUJ\
>@<<<DQ&OLPDWHDQGUHVLGHQWLDOHOHFWULFLW\FRQVXPSWLRQLQ+RQJ.RQJ(QHUJ\
>@/LYLQJ&LWLHV6FDOLQJXS%XLOGLQJ(QHUJ\5HWURILWWLQJLQ86&LWLHV$5HVRXUFH*XLGHIRU/RFDO/HDGHUV1HZ<RUN/LYLQJ&LWLHV
>@/-&URQEDFK&RHIILFLHQWDOSKDDQGWKHLQWHUQDOVWUXFWXUHRIWHVWV3V\FKRPHWULND
>@-5$6DQWRV&URQEDFK¶VDOSKDDWRROIRUDVVHVVLQJWKHUHOLDELOLW\RIVFDOHV-RXUQDORI([WHQVLRQ
>@3;X$0RGHOIRU6XVWDLQDEOH%XLOGLQJ(QHUJ\(IILFLHQF\5HWURILW%((5XVLQJ(QHUJ\3HUIRUPDQFH&RQWUDFWLQJ(3&0HFKDQLVPIRU
+RWHO%XLOGLQJVLQ&KLQD'RFWRUDOGLVVHUWDWLRQ+RQJ.RQJ7KH+RQJ.RQJ3RO\WHFKQLF8QLYHUVLW\
>@+/HYHQH5REXVWWHVWVIRUHTXDOLW\RIYDULDQFHV&RQWULEXWLRQVWR3UREDELOLW\DQG6WDWLVWLFV(VVD\VLQ+RQRURI+DUROG+RWHOOLQJ

>@$%DQHUMHH%'6RORPRQ(FRODEHOOLQJIRUHQHUJ\HIILFLHQF\DQGVXVWDLQDELOLW\DPHWDHYDOXDWLRQRI86SURJUDPV(QHUJ\3ROLF\

>@3583,06XVWDLQDEOH5HIXUELVKPHQW$)UDPHZRUNIRU'HFLVLRQ0DNLQJ3UXGHQWLDO3URSHUW\,QYHVWPHQW0DQDJHUV/WG/RQGRQ
>@<*;LQJ1+HZLWW3*ULIILWKV=HURFDUERQEXLOGLQJVUHIXUELVKPHQW±DKLHUDUFKLFDOSDWKZD\5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\
5HYLHZV
>@:+&ODUN5HWURILWWLQJIRU(QHUJ\&RQVHUYDWLRQ0F*UDZ+LOO1HZ<RUN
>@&3$$Q,QWURGXFWLRQWR/RZ&DUERQ'RPHVWLF5HIXUELVKPHQW&RQVWUXFWLRQ3URGXFWV$VVRFLDWLRQ/RQGRQ
>@*%$*UHHQ%XLOGLQJ$ZDUG$YDLODEOHDWKWWSZZZKNJEFRUJKNJEDSGI*%$B)LQDO%URFKXUHSGI
>@*%$*UHHQ%XLOGLQJ$ZDUG7RZDUGV=HUR&DUERQ$YDLODEOHDWKWWSZZZKNJEFRUJKNHERRN+.*%&B+.*%$LQGH[KWPO
>@(QHUJ\6DYLQJ7UXVW(QHUJ\HIILFLHQW5HIXUELVKPHQWRI([LVWLQJ+RXVLQJ(QHUJ\6DYLQJ7UXVW/RQGRQ
>@%%LOJHU+RPH$XWRPDWLRQ6\VWHPDQG0HWKRG863DWHQW1R863DWHQWDQG7UDGHPDUN2IILFH:DVKLQJWRQ
>@--5REHUWVRQ50&XUULH/('5HSODFHPHQWIRU)OXRUHVFHQW/LJKWLQJ863DWHQW1R863DWHQWDQG7UDGHPDUN2IILFH
:DVKLQJWRQ
>@33IURPPHU.-/RPDV&6HDOH&.XSNH7KHUDGLDWLRQWUDQVIHUWKURXJKFRDWHGDQGWLQWHGJOD]LQJ6RODU(QHUJ\
>@&*9'H0RUDHV9--XWKDQL-0/LHEPDQQ&&7HQJ&7HOOR56XVDQQD55LWFK5LVNIDFWRUVIRUYLVXDOILHOGSURJUHVVLRQLQ
WUHDWHGJODXFRPD$UFKLYHVRI2SKWKDOPRORJ\
>@&)*DR://HH&+XD/RFDWLQJURRPDLUFRQGLWLRQHUVDWIORRUOHYHOIRUHQHUJ\VDYLQJLQUHVLGHQWLDOEXLOGLQJV(QHUJ\&RQYHUVLRQDQG
0DQDJHPHQW±
>@(*UDWLD$'H+HUGH*UHHQKRXVHHIIHFWLQGRXEOHVNLQIDFDGH(QHUJ\DQGEXLOGLQJV

